The X-ray Knee Instability and Degenerative Score (X-KIDS) was developed as a tool based on the degenerative and instability patterns seen on routine X-ray views of the weight-bearing compartments and tested on 336 knees, average age 64 years and followed up for 24 months.
Introduction
Due to the difficulty experienced when assessing and categorising the degree of instability and degeneration of the knee, a new tool has been developed to improve the decision-making process and address the trepidation when contemplating a specific arthroplasty. The quest for a solution to determine whether an arthroplasty is indicated, and the distinction between a TKA and PKA, has become more relevant in light of Riddle's 2014 1 study that indicates the high, 'inappropriate' (34%) use of the TKA in the USA, without a conclusive algorithm of treatment. Willis-Owen in 2009 2 asserted that 47% of knee arthroplasties are suitable for PKA rather than TKA but the various joint registries point to a high failure rate of the PKA despite better functional scores 3, 4 and blame the infrequent user and inconsistent selection. The interpretation of data assessed is also a problem as illustrated by Goodfellow in his critique about the NZJR (2010). 5 The history, clinical examination and routine X-rays with stress X-ray views to assess stability and degeneration, remain the cornerstone for evaluating a knee for PKA or a TKA. 6, 7 The goal is to determine whether the predominant single compartment degeneration presents with intact ligaments, whether anteromedial degenerative pathology in the varus deformed knee 8 is present, and whether lateral valgus deformity is suitable for PKA, or to illustrate bicondylar degeneration suitable for a TKA. The X-rays assess wear and knee ligament integrity, e.g. the anterior cruciate ligament (ACL) wear pattern as evaluated by Keys 9 and Deschamps, 10 and stability on the stress views. 7 The PKA treatment option has regained popularity due to the improved surgical technique, mini-incision approach, preservation of the ligaments, bone stock and appropriate instrumentation. [11] [12] [13] Excellent outcomes have been achieved by centres that have refined the selection and surgical technique. [14] [15] [16] [17] [18] The fully congruent mobile PKA demonstrated better functional results 2, 19 and 20-year surgical results comparable to that of the TKA 20-24 with age, obesity level, state of the patellofemoral joint (PFJ) and chondrocalcinosis not being regarded as contraindications. 25, 26 The results of PKA revision surgery to a TKA are controversial although they are compared with a primary TKA and not to a revision TKA. 27, 28 Overall risk of complications with PKA is 4.3% and with TKA 11.4% (Oxford Group).
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Background
The score should be considered with the patients' clinical requirements and preferences.
The score is reliable, inexpensive and reproducible with two 'new' observations which illuminate the wear pattern of the 'unstable' degenerative knee. These propose that the 45° Rosenberg view is more reliable when illustrating lateral pathology (rather than the stress view) and the 'wedge sign' for evaluating the integrity of the healthy compartment. The co-contributors were a combination of medical specialists, namely a radiologist (20 years' experience), neurosurgeon (9 years), two orthopaedic surgeons (24 and 3 years respectively) and a nonmedical volunteer, all of whom, apart from the corresponding author, were blinded to the implemented procedure.
The author acknowledges that the co-contributors' reviews were retrospective; however, their evaluations were not focused on any surgical intervention. The X-KIDS may give false results due to the quality of the X-ray views and their possible misinterpretation together with 'fresh' ligament injuries as the X-ray features develop over time with the subluxation effect only visible after the subsequent failure of the secondary stabilisers. The performance of the X-KIDS may be biased by the author's understanding of the radiographic significance, which may have increased the concordance and it therefore requires further validation in other academic centres.
A new tool has been developed to improve the decision-making process and address the trepidation when contemplating a specific arthroplasty
The PFJ degeneration is rarely seen to alter the outcome of the TKA or the PKA. 23, 24 In the NJR (England and Wales) of 2013, 26 singular PFJ replacements amounted to 1% of all replacements and more often occurred in female patients (70% at an average age of 59 years), compared with the TKA at 69 years. The preference for resurfacing the PFJ in TKA was 7% of cementless procedures and 38% in cemented versions.
By improving the selection algorithm with the correct indication and surgical technique, an excellent longterm functional outcome for an arthroplasty can be achieved, suitable for the patient's requirements.
Method
The study reviewed 335 patients over a 3-year period in a knee clinic with the X-KIDS sequence, and compared the results with the stress views as a stand-alone and the procedure implemented. Comparative studies of the outcome of whether the X-KIDS were used or not, are not available. The author correlated the X-ray appearance with the intra-operative findings and the surgical decision.
The cornerstone of the X-KIDS is bone-on-bone wear and was developed by allocating points to features normally found and easily recognised on routine knee X-rays. The features are narrowing (N), osteophyte formation (O) and subluxation (S). The features are common to knee degeneration and the weighting allocated according to the severity of degeneration when each compartment is individually assessed for bone-on-bone wear or narrowing. The weighting is also applied to the instability features as seen on the AP and lateral views. 8, 9 X-ray observer factors, namely osteophytes (bony projections at the margins of the joint) 29 and subluxations (shifting out from the normal position), are included in the score as they have a bearing on the wear and instability assessment. This can unnecessarily affect the decision for a specific procedure if not assessed.
Surgical decisions were taken which did not conform to the score preference and this will be explained, e.g. a TKA was done when the score indicated suitability for a PKA due to excessive valgus (clinical contraindication for PKA > 15°) ( Table I) .
Although the PFJ was not the focus of this study and rarely influences the decision in arthroplasty as confirmed by Pandit and Beard, [23] [24] [25] the joint was evaluated on the lateral view by three observers as a separate study of 330 of the X-ray sequences to assess 'significant' PFJ degeneration. Skyline views would be preferable in a follow-up study but could not be done due to the extra costs involved.
The long-term results of the surgical cases cannot yet be assessed but the average time since operation is 26.7 months.
Radiographic imaging
1) Standing antero-posterior (AP) and lateral (LAT) of the knee (Figure 1 ) 2) PA 15° Rosenberg -medial wear (Figure 2a) 3) PA 45° Rosenberg -lateral wear (Figures 2b and 7b) 4) Varus stress view in 20° flexion (Figures 3 and 4) 1. Narrowing (N) (point count = medial 3; lateral 3) = 6
( Figures 1, 2a, 2b, 3, 7 ) Bone-on-bone contact between the femoral condyle and the tibial surface suitable for arthroplasty attracts 3 points (joint line narrowing). The contralateral joint must be >5 mm (= 2.5 mm on femur and tibia) and parallel and if less attracts 3 points and precludes the PKA option. This may be evident on femoral and tibial margins with one point given medially or laterally, irrespective of the degree. These 'spurs' may reflect degeneration and extra-articular traction due to 'laxity' of the ligaments caused by pseudo-instability. 
Normal Subluxation
The 45° Rosenberg view evaluates the lateral compartment with, specifically, the predilection for central and posterior wear and the 15° Rosenberg displays the anteromedial pathology ( Figures 2, 7a and 7b ).
34,35
On the stress views the normal compartment must maintain a parallel space of more than 5 mm which relates to 2.5 mm of cartilage on the femur and tibia respectively (Figures 1, 2, 3 and 6) . 29, 33, [36] [37] [38] If the healthy compartment does not maintain the parallel opposing surfaces (indicating normal cartilage, correctable intra-articular varus, an intact collateral MCL/LCL 32 and ACL) and becomes angled, the knee should be regarded as a risk for PKA ('wedge sign') ( Figure 6 ).
It is important to prevent rotation and magnification of the knee during the stress views. Figures 2a, 2b and 3) Confirm bone-on-bone wear and the integrity of the lateral joint space with the stress views. The 15° PA is reliable but does not confirm the integrity of the lateral joint space. 37 Figures 2a, 2b, 3, 7a and 7b) Confirm the lateral compartment wear pattern with the 45° PA. The 20° stress views are best used to confirm the medial joint space retention.
Anteromedial wear (varus
Lateral wear (valgus
Stress views in 20° flexion do not demonstrate the pathological lateral compartment as reliably, due to the wear pattern laterally being central and often posterior (on the 20° flexion views, the intact antero-lateral tibial cartilage is stressed and this compartment can appear to be intact Figure 7 ).
Scoring formula
A maximum of 10 points can be accrued with the X-KIDS (N 3 3 + O 1 + S 1 2 ).
1. X-KIDS of 3 and 4 points = PKA (mobile preferred or fixed). 2. X-KIDS of 5 is considered for a PKA (mobile or fixed) (NB clinical findings and surgical corrections). 3. X-KIDS > 5 points a TKA is indicated. The cornerstone of the X-KIDS is bone-on-bone wear and was developed by allocating points to features normally found and easily recognised on routine knee X-rays
Stress view not conclusive 45º Rosenberg conclusive
Results
The average age of the 335 patients was 64 years (± SD of 10 years) and the majority were female (54.8%). The average age of the female patients (n = 184) was 65 ± 9 years and for the male patients (n = 151) 63 ± 9.3 years. The actual PKA accounted for 77.9% (n = 261) (98.9% mobile and 1.1% fixed bearing) of the procedures performed and the actual TKA for 22.1% (n = 74).
The cohort composition is due to the surgeon being a referral centre for predominantly PKA procedures (see Table II ).
In 95.82% of the cases the X-KIDS achieved consensus
with all five of the evaluators as they agreed on the procedure to be performed based on the X-KID Score calculated. The agreement of multiple evaluators is recapitulated with Light's Kappa of 0.872 (bootstrapped CI 95% [0.819; 0.912]). This indicates almost absolute agreement between evaluators. In 2.98% of the cases the X-KIDS was incorrect in predicting the actual procedure required (undetected ACL deficiency and arthroscope decision). 2. The score failed in ten patients (2.98%) (eight undiagnosed ACL and two incorrectly diagnosed ACL). Twenty-six (26/336 = 7.38%) patients did not receive the procedure according to the score. This was influenced by the patients' preferences and pre-operative clinical factors, e.g. pre-operative arthroscopic pathological decisions (three), pre-operative PKA contraindications (five), instability of ACL which received a reconstruction ACL and mobile PKA (three) or a fixed-bearing PKA (three) ( Table I ). In 16 (4.77%) cases the evaluators scored a PKA but a TKA was performed. In ten (2.98%) cases the evaluators scored a TKA but a PKA was performed.
The agreement between the X-KIDS and the actual procedure is recapitulated with Cohen's Kappa of 0.753 (bootstrapped CI 95% [0.674; 0.834]). Since an indeterminate score does not agree with any actual procedure, the measure is conservatively estimated. This indicates substantial, but not absolute agreement (see Table I ). 3. A discrepancy between the X-KIDS and the stress test assessment as a stand-alone test was observed in 31 (9.23%) of the 335 cases. In 5.97% of the 335 cases the discrepancy was due to the non-detection of ACL deficiency (n = 20) and 3.27% was due to clinical exclusions not detected (n = 11). As the ACL efficiency group is routinely treated with a TKA this comprises a failure rate of 27.03% (20 out of 74 patients receiving TKA). 30 on radiographic joint space width to the cartilage morphometry.
The conclusion drawn is that the two are comparable but the 'gold standard' is still X-ray imaging.
The X-KIDS is different from all the previous evaluation systems, as it incorporates the stability of the knee ligaments and the severity of the weight-bearing degeneration. This can assist the surgeon to improve his decision for a specific arthroplasty which will lead to optimal treatment. The X-KIDS can be used as a classification of degenerative knee pathology and a reference to improve research on arthroplasty selection.
The stress test as a stand-alone tool is unreliable in detecting the required procedure as it cannot evaluate ACL deficiency adequately.
The PFJ rarely determined the procedure implemented. Only one clinically painful PFJ had a TKA (1/335) when scored for a PKA. The X-KIDS must be understood and applied with due consideration to the clinical indications and contraindications for the PKA and TKA and when used appropriately, the X-KIDS is more than 95% reliable and confirms the appropriate surgical intervention in at least 92% of knees evaluated. 
